A fully nonlinear development of the thermal self-focusing instability of high power radio waves in the ionosphere in the region near the critical surface is the subject of the present study. In the simulation model studied, a high-powered radio wave in the frequency range 5-10 MHz, with a 1% amplitude modulation, is launched vertically. In the high latitude geometry this represents a direction antiparallel to the magnetic field which is almost vertically downwards. The modulated wave undergoes strong serf-focusing at the critical surface, where the group velocity of the wave goes to zero. The scale size of the structures transverse to the magnetic field is controlled by the wave intensity and the diffraction effects. The large parallel thermal conduction leads to the diffusion of these irregularities into the underdense and overdense plasma in narrow filaments. The depletion in the density in the overdense plasma allows propagation of the wave to higher altitude above the original critical surface and hence into the overdense plasma.
other nonlinear processes that can occur in the vicinity of the critical surface, namely the ocillating twostream instability (OTSI) or the modulational instability, which leads to strong Langmuir turbulence [Dubois et al., 1990 ] and the parametric decay instability (PDI) [Fejer, 1979; Stubbe et al., 1984] tern (due to nonlinear effects) with smaller-scale sizes. The fundamental limitation of most of these studies (including our earlier work) is that they focus on the underdense plasma, where there is no clear observational evidence of structuring. Few of the theoretical studies have extrapolated the results to the critical density and overdense region, where there is a preponderance of evidence for a broad spectrum of scale sizes, from kilometers to tens of meters. Cragin et al. [1977] and Curerich, [1978] have developed theories for the linear stability of the self-focusing instability in the vicinity of the critical surface and have found that it is an absolute instability, unlike the underdense case. Motivated by these works we have developed a two dimensional nonlinear code to study the full nonlinear evolution of the thermal self-focusing instability. Our simulations show that for a pump with a frequency of 5-10 MHz, at an intensity of 100-300 pW/m 2 the critical surface becomes unstable to the thermal filamentation.
In the time scale of a few seconds a broad spectrum of scale sizes develop nonlinearly with a distinct peaking at short scale lengths, determined by diffraction. As the parallel thermal conduction transports the heat into the overdense region, a depletion of the density in the overdense region occurs. This allows the radio wave to propagate upward beyond the original critical surface. Thus because of the nonlinear development of the instability, initially scale lengths of the order of kilometers grow and by the process of thermal self-focusing collapse to shorter scale lengths of the order of tens to hundreds of meters. Also, this process leads to the formation of field-aligned filaments which extend into the overdense as well as underdense region of the plasma by transport processes.
The paper is organized as follows: We first derive the basic nonlinear system of equations for the thermal filamentation in the region of the critical surface. This is followed by a presentation of the results obtained from the solution of these equations. We finally discuss the implications of these results to some of the high latitude heating facilities.
Basic Equations
The basic geometry for the wave propagation and the orientation of the magnetic field in the high latitude is shown in Figure 1 This simple relationship between the perturbed density and temperature shows that the heating leads to density depletion. Furthermore, we also see that for very high intensities, such that the heating raises the temperature significantly higher than the original background temperature, the perturbed density would at best be equal to no. Now if we substitute T = To q-T• in equation (2) 
Numerical Results
We first choose a typical set of plasma parameters which are needed to evaluate the various dimensionless parameters derived in section 2. We choose highlatitude F region parameters. The incident wave is assumed to have a frequency fo = 5 MHz. The magnetic field Bo --0.5 Gauss, and the electron temperature Tc --0.1 eV. The plasma is assumed to have a linear density profile with the scale length L --200 km. We will hold these parameters as constant for the runs we discuss in this section. The parameters we will vary will be the intensity of the incident radiation and the length of the box in the direction transverse to the magnetic field. We will discuss this at length later in this section. The next important aspect of the simulations to discuss are the boundary conditions. At the lower boundary, z -0, we specify Vo and at the top boundary, z -L• --157r, the wave amplitude is chosen to be zero. This is because beyond the critical surface at z = 7.57r, the wave is evanescent. For the temperature the boundary c conditions in z are that the derivative with respect to z be zero. This is because the parallel thermal conduction transports the energy away from the region of heating and is allowed to escape through the boundary. zx-
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The density perturbation 5n is determined by the temperature perturbation which is controlled by the parallel thermal conduction loss and the collisional loss to the background ions. Thus the smallest size that a filament can achieve is of the order of the electron skin depth.
In Figures 4a, 4b , and 4c we show the temperature, density, and wave amplitude respectively, at the original critical surface at z --25, for three different instants of time t-200, t-600, and t----2000 as a function of x. The plots show an interesting feature for the temperature and density. Besides the development of the instability which leads to the localized structures, the average temperature as well as the average density also evolve. Thus temperature increases, while the density decreases. The maximum amplitude of the density and temperature fluctuations is about 5-10%.
Discussion
We have investigated the full nonlinear two-dimensional development of the thermal self-focusing instability in the high-latitude F-region ionosphere near the critical surface, where the wave frequency matches the local plasma frequency. We find that an absolute instability develops at this surface. The typical power densities which destabilize modes having wavelengths of a few kilometers, are 100-300 I•W/m 2. The local heating in the vicinity of the critical surface leads to density depletion, which then spreads along the field lines. The
